Objectives: To characterize the vectors involved in the dissemination of bla CMY-2 genes in clinical isolates of Proteus mirabilis collected between 1999 and 2007.
Introduction
Proteus mirabilis causes 90% of Proteus infections in humans and is responsible for urinary tract, wound and bloodstream infections. These isolates naturally lack bla genes on their chromosome, and are therefore generally susceptible to all b-lactam antibiotic agents. However, they have demonstrated a great ability to acquire resistance genes, such as inhibitor-resistant TEM b-lactamases (IRTs), extended-spectrum b-lactamases (ESBLs) and acquired ampC b-lactamases. 1 -3 Acquired AmpCs confer resistance to most b-lactams, including third-generation cephalosporins and cephamycins, with the exception of cefepime and carbapenems, and they are poorly inhibited by b-lactamase inhibitors. 4 CMY-2 is the most widely distributed acquired AmpC worldwide. 3, 4 Plasmids are thought to be the main mechanism involved in the acquisition of these genes in P. mirabilis, via mobile genetic elements such as ISEcp1, IS5, IS10 and IS1294. 5, 6 Nevertheless, there are a few reports in which the acquired ampC genes in P. mirabilis are located on the chromosome. During the preparation of this manuscript, a paper was published that described the mobilization of bla CMY-2 via an integrative and conjugative element (ICE) in one P. mirabilis isolated in Japan. 6 ICEs are self-transferable mobile genetic elements that are able to move from the chromosome of a donor to the chromosome of a recipient bacterium through a process of excision, conjugation and integration. 7 ICEs are composed of a highly conserved set of genes that mediate their core functions, and variable regions. The latter are subject to high recombination rates, allowing the ICEs to capture foreign genes such as antibiotic or heavy metal resistance genes. 6 -8 SXT and R391 ICEs were first discovered in isolates of Vibrio cholerae and Providencia rettgeri, respectively, but they have since been found in many other bacteria. 6, 7 More than 30 elements belonging to the SXT/R391-like family have now been described, all possessing a highly conserved integrase gene.
The encoded integrase mediates the site-specific integration of the ICE into the 5 ′ end of prfC, a conserved gene encoding the peptide chain release factor 3. 7 The aim of this study was to characterize the vectors involved in the dissemination of bla CMY-2 genes in clinical isolates of P. mirabilis collected between 1999 and 2007.
Materials and methods

Bacterial isolates
A total of 2095 P. mirabilis isolates were examined for the presence of acquired AmpCs at a Spanish hospital between January 1999 and December 2007. The criteria used for selecting suspected AmpC producers has been described previously. 3 Out of these, 19 isolates harboured acquired ampC genes (18 bla CMY-2 and one bla CMY-2 plus bla CTX-M-2 ). 3 Clonal relationships were established for five isolates (four identical PFGE and one probably related pattern). However, these isolates were not epidemiologically related. 3 Isolates were recovered from urine (45%), fluids and tissue (35%), and blood and respiratory sputum samples (10%). Eighty-five percent of patients carrying these isolates were between 70 and 96 years old.
Conjugation assays and susceptibility testing
Conjugation assays were performed using a broth mating method at 378C. 9 A modified Escherichia coli HB101 (UAB190) was used as the recipient strain [rifampicin and aminoglycoside resistant and green fluorescent protein (GFP) producing]. Transconjugants were selected on Luria Bertani (LB) agar supplemented with ceftazidime (10 mg/L) and rifampicin (100 mg/L). Disc diffusion susceptibility tests were performed on parental and transconjugant strains according to CLSI guidelines, 10 using commercially available discs (Neo-Sensitabs, Rosco Diagnostica). Table S1 .
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Plasmid analysis
Plasmid analysis was carried out by PCR-based replicon typing (PBRT), 11, 12 DNA linearization with S1 nuclease followed by PFGE and Southern hybridization using ampC and replicon probes, as described previously. 9 
SXT/R391-like ICE analysis
Chromosomal DNA analysis in donor, transconjugant and recipient strains was performed by digesting the entire DNA with the I-Ceu-I enzyme, followed by PFGE. 13 PCR analysis was performed to determine the presence of two conserved SXT/R391 genes in all P. mirabilis isolates carrying the ampC gene on the chromosome. This included amplification of the integrase (int) and the toxin-antitoxin (TA) system and was carried out using the SXTINT F and SXTINT R primers for int and the SXTTA F and SXTTA R primer for TA (Table S1 , available as Supplementary data at JAC Online). The presence of the circular intermediate form of the ICE was explored using the LE4 and RE4 primers (Table S1 ). 6 Purified DNA products obtained from the PCR of ampC, int and prfC genes were used as probes to hybridize with the I-Ceu-I PFGE gels. To demonstrate that ampC genes were carried by the SXT/R391-like ICEs, an overlapping PCR amplification was performed using the model ICEPmiJpan1 (AB525688). 6 A section of 16460 bp was analysed by amplification of four regions, called junctions 1 -4, covering most of the region from rumA, a conserved gene from the ICE, to the right-hand copy of IS10 at the end of the Tn10 transposon (Figure 1) . Sequencing of the purified PCR products of these four regions using transconjugant templates was performed. The primers used for this analysis are listed in Table S1 .
Results and discussion
AmpC b-lactamases have been increasingly described in P. mirabilis. 3 In this study we characterized the vectors involved in the carriage of bla CMY-2 by 19 P. mirabilis isolates at a Spanish hospital between 1999 and 2007. Plasmid analysis by PBRT, S1-PFGE and Southern hybridization revealed that ampC genes were located on large conjugative plasmids in 11 of the 19 (58%) P. mirabilis studied, most of them belonging to the IncA/ C group (8 out of 11; 73%). The remaining three isolates carried the ampC genes on plasmids belonging to the IncI1/Ig, IncK and ColE groups (Table 1) . However, in 8 of the 19 isolates a plasmid was not involved in the mobilization of the ampC genes ( Table 1) . I-Ceu-1 PFGE and hybridization analyses revealed that bla CMY-2 were chromosomally located in these isolates ( Figure S1 , available as Supplementary data at JAC Online). Furthermore, these isolates were not clonally related. Acquired NAL, nalidixic acid; CIP, ciprofloxacin; SSS, sulphonamides; TMP, trimethoprim; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline; CHL, chloramphenicol.
Other antibiotics used for susceptibility testing were imipenem and chloramphenicol. As the recipient used for conjugation was resistant to several aminoglycoside agents, this antimicrobial group was not included in the study. NAL*, the transconjugant strain resistant to NAL, displayed reduced susceptibility (14-18 mm).
a Names assigned to the strains. Refers to plasmids carrying ampC genes conjugated into the modified E. coli HB101 (UA6190) recipient strain. c bla CMY-2 genes were carried by an SXT/R391-like ICE in these isolates. Mata et al. ampC genes have been described previously in the chromosome of P. mirabilis. Several ISEcp1-mediated transpositions have been found to be involved in the mobilization of these ampC genes into the chromosome of a multidrug-resistant P. mirabilis clone in Europe. 14 Remarkably, in three isolates from the study (75, 112 and 117) containing chromosomal bla CMY-2 , the gene was mobilized by conjugation. Moreover, I-Ceu-I PFGE gels displayed different patterns for the three transconjugants obtained (75Tc, 112Tc and 117Tc) and the recipient E. coli HB101. An insertion on the chromosome was observed in all three transconjugants; this involved the 660 kb band from the recipient cell disappearing and a larger band of various sizes appearing in the transconjugants ( Figure S1 ). All these data suggested that a putative ICE could be involved in the dissemination of bla CMY-2 in these isolates. These differences in size could be explained by the formation of different tandem arrays of the ICEs. 8 PCR amplification of the int and TA genes from the SXT/R391 ICE family was positive in seven of the eight P. mirabilis with ampC genes located on the chromosome. Results obtained using RE4 and LE4 primers yielded a 546 bp product, suggesting the presence of a circular intermediate form of an ICE in all seven isolates positive for int and TA.
The integrase of the SXT/R391-like ICEs enables site-specific integration into the 5 ′ end of the chromosomal prfC gene. 7, 8 Hybridization with the prfC probe demonstrated that this conserved gene was located in the 660 kb band from the recipient cell ( Figure S1 ). No hybridization was observed in the P. mirabilis donor isolates, presumably because of sequence differences between the P. mirabilis prfC and the E. coli prfC probe ( Figure S1 ). Hybridization analyses with labelled bla CMY-2 and SXT/R391 int family probes in the donor and transconjugant strains indicated that bla CMY-2 genes and the SXT/R391 element were located in the same portion of the genome in all but one of the isolates tested ( Figure S1 ). It is remarkable that the 27D P. mirabilis isolate without the SXT/R391-like element showed at least four copies of bla CMY-2 on its chromosome ( Figure S1 ). In this isolate neither a plasmid nor an SXT/R391-like ICE was involved in the dissemination of this gene.
The local genetic organization of the bla CMY-2 gene confirmed that bla CMY-2 was located inside an ICE, through an IS10-mediated transposition, in the seven P. mirabilis analysed (Figure 1 ). All the isolates analysed displayed an identical structure to that described in the P. mirabilis carrying ICEPmiJpan1, with the exception of isolates 44D, 72D, 74D and 76D, which showed an ISEcp1 truncated at the 5 ′ end instead of in the middle of the element. In these isolates, amplicons were not obtained with the primer combinations a-b and a-d, whilst combination of primers c and d amplified successfully (Figure 1) .
The fact that ICEs carrying bla CMY-2 have been found in two widely distant parts of the world, Japan and Spain, probably indicates that ICEs play an important role in the dissemination of these resistance genes.
Although acquisition of ampC genes in Enterobacteriaceae has been mainly associated with plasmids, it is remarkable that the prevalence of ICEs carrying bla CMY-2 in our setting was surprisingly high. SXT/R391 ICEs related to the mobilization of bla CMY-2 were recovered in 37% (7 out of 19) of the P. mirabilis carrying these genes between 1999 and 2007. Furthermore, the seven P. mirabilis were collected during the last 3 years (Table 1) , suggesting an increasing trend in mobilization of bla CMY-2 by this vector. This is the first study worldwide giving prevalence data on ICEs carrying bla CMY-2 genes. These results also suggest the necessity for surveillance of mobile genetic elements such as ICEs in the context of the dissemination of acquired AmpC b-lactamases and perhaps also for other resistance mechanisms, such as ESBLs and carbapenemases.
